We consider a case where full-azimuth reflection angle gathers were generated using a background VTI depth model. Residual moveouts (RMO) which were automatically picked on these 3D gathers along major horizons indicate considerable periodic azimuthal variations. Our aim is to use the azimuthally dependent RMOs in order to convert the background VTI model into interval TTI and/or orthorhombic layer parameters. Our method is based on a newly derived generalized Dix-based theory, assuming a locally varying 1D TTI, orthorhombic or mixed model, where at each location the vertical orthorhombic axis is the same for all layers but the azimuthal orientations of TTI and orthorhombic layers are different. An effective model for such a layered structure represents a single layer with identical vertical time, effective fast and slow NMO velocities and effective azimuthal orientation of the slow NMO velocity. The NMO velocity and the surface offset azimuth of the effective model coincide with the parameters of the original package of layers for any azimuth of the phase velocity. Our approach starts with a Fourier-based conversion of the RMOs into azimuthally dependent NMO velocities, which are then inverted into three local effective parameters. Finally, we apply a generalized Dix-based inversion approach to estimate the interval orthorhombic or TTI parameters within each layer.
Introduction
Seismic wave propagation along fine horizontal layering is normally characterized by faster velocities in the horizontal direction than in the vertical direction. In the presence of fractures or horizontal tectonic stress, particularly in shale plays, residual moveouts measured along full-azimuth reflection angle gathers may have a strong azimuthal dependency, indicating faster velocities along an aligned stress/fracture direction. HTI, TTI and orthorhombic model representations take these two properties into account. Parameter estimation of orthorhombic model is analysed in the paper by Bakulin et al. (2000) . Inversions of azimuthally dependent NMO velocity in HTI and TTI media have been studied by Tsvankin (1997) and Grechka and Tsvankin (2000) . Comprehensive studies on parameter estimation of all practical anisotropic models are given in the book by Tsvankin and Grechka (2011) . In this study we use measured (automatically picked) azimuthally dependent RMOs to estimate interval properties of a package of HTI, TTI and orthorhombic layers, where orthorhombic layers share a common vertical axis and all layers may have different azimuthal orientations. For this, we first transform the azimuthally dependent RMOs into NMO velocities, which are then inverted into three effective parameters using a Fourier-based method. Next, we apply a generalized Dix-based inversion to estimate the local fast and slow NMO velocities and the azimuth of the slow NMO velocity at each layer. The solution is unique and independent of the physical nature of the anisotropy in each particular layer. Finally, we use the trend values and apply a constrained minimization to convert the three local NMO parameters (the two velocities and the azimuth) into interval HTI, TTI or orthorhombic parameters at each layer. This work can be considered an extension of our previous study on effective parameters for a package of HTI and VTI layers (Koren et al., 2010) . Although we have derived the inversion for both compression and shear waves, in this study we will only deal with compression waves.
Background Model and Input Data
Assume a background depth velocity model consisting of a set of isotropic and VTI layers; each is parameterized with the three interval VTI Thomsen parameters: 
where the fast and slow local NMO velocities are related to the interval parameters. In case of an orthorhombic effective model, these are the vertical velocity of the orthorhombic medium ORT ver V and the orthorhombic Thomsen parameters,
. (2) We choose the horizontal axes in such a way that
Note that in the case where
there is no azimuthal dependency (like in VTI media). 
We have derived a general relation for NMO velocity vs.
the azimuth of the phase velocity  or 
Introduction of 1 into 5 also leads to . (6) The relative residual NMO velocity can be linearized for relatively small moveouts and weak anisotropy,
The RMO can be then written as
For weak anisotropy, Grechka and Tsvankin (1998) derived a similar form of relation for moveouts measured along surface offset time gathers representing variations with respect to the ray velocity azimuth. In our case the derivation is done for residual moveouts directly in the phase angle domain.
Effective Model Parameters from Azimuthally Dependent RMO
In this section we obtain three effective RMO azimuthal parameters starting from an arbitrary reference azimuth. We expand equation 6 into the Fourier series,
where the coefficients of the expansion are delivered by,
Introduction of equation 6 into 10 yields the AC and the DC terms,
where the magnitude of the DC terms reads, 
Conversion of Background VTI Depth

Inversion from Effective NMO Velocities to Local NMO Layer Velocities
In this section we find the fast and slow local NMO velocities and the azimuth of the slow NMO velocity for HTI, TTI and orthorhombic layers, using the already known effective parameters at the top and bottom horizons of each layer. We define auxiliary effective factors 
Thus, we obtain the fast and the slow local NMO velocities and the azimuth of the slow NMO velocity.
Inversion from Local NMO Velocities to Interval Parameters of Orthorhombic or TTI Layers
For each individual layer, two physical features have been obtained: the fast and the slow NMO velocity. The simplest azimuthally dependent model is HTI, it can be described by two interval parameters only: the vertical compression velocity For a TTI layer, we solve a constrained minimization problem applying the Lagrangian multipliers method.
Example
Figure 1 displays a depth image of a 3D model from the Barnett Shale. A VTI background velocity was used to create the image and to produce 3D high-resolution fullazimuth reflection angle gathers. Figure 2 shows an example of this kind of gather, where only azimuthal varying traces with a given opening angle of 60 degrees are displayed. Automatic RMO picking was performed along the top and bottom horizons of the Barnett formation (Marble Falls and Ellenburger, respectively). Figure 3 displays a zoom-in of the Ellenburger reflection event, where periodic RMOs can be clearly seen. We first computed the three effective RMO parameters for each reflection event. We then used the constrained generalized Dix method to convert the effective parameters into four interval orthorhombic parameters. The effective data and the interval parameters are listed in Tables 1 and 2 . 
Conclusions
In this work we describe a novel method for updating a background VTI depth layered model into an HTI, TTI or orthorhombic layered model with common vertical axis for orthorhombic layers and different azimuthal orientations of the horizontal orthorhombic axes or TI axes of symmetry. A key component in our approach is the ability to obtain high-resolution residual moveouts which are automatically picked along 3D full-azimuth reflection angle gathers at the major horizons. The residual moveouts are converted to azimuthally-dependent NMO velocities, which are then inverted to three effective parameters. A generalized constrained Dix-based inversion is then used to convert the effective parameters along the horizons first into three local parameters for each layer: the fast and the slow local NMO velocities and the azimuth of the slow NMO velocity. The two NMO velocities are further converted into interval parameters for each layer: two parameters for the HTI ( ver V and 2  ), three parameters for the orthorhombic model ( , and the axis tilt ax  ). In all cases except the HTI, we introduce the trend values of the parameters to get a well-defined constrained minimization problem with a unique solution.
